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The polarographic waves of a number of complex ion systems a re  kndwn t o  be irre- 
r s i b l e  i n  a lka l ine  so lu t ion .  
melly represented as Cu(Py),. 
r the  system. 

Its versus S.C.E. 
pearence of the  polarogram of an a l k a l i n e  so lu t ion  of the  complex is  a f fec t ed  by the  
mXntration of the supporting e l ec t ro ly t e ,  through the  influence of t he  l a t t e r  upon 
e e l e c t r i c a l  double l aye r .  

One such system is  t he  copper(I1)-pyrophosphate complex, 
Below pH 6 a r eve r s ib l e  polarographic wave is obtajned 

A s  the pH approaches 9 t h e  wave becomes sp l i t ,  i n t o  two pa r t s ,  and the 
d i f fus ion  current i s  not a t t a ined  u n t i l  t he  e lec t rode  po ten t i a l  is a t  l e a s t  -1.3 

In addi t ion  t o  t h e  varylng behavior of t he  reduction wave, the  

I n  t h i s  work potassium n i t r a t e  was used as t he  supporting 

measurements, and regular  and A.C.  polarography. Hanging drop and dropping 
f y c u r y  e lec t rodes  were used exc lus ive ly .  

4, 
r r e v e r s i b i l i t y ,  double-layer capac i ty  data were obtained f r o m  t r i a n g u l a r  sweep voltam- 
& t r y  of t he  sodium nitrate-sodium pyrophosphate system. No adsorption of pyrophosphate 
cas detected by t h i s  method, or by searching for t he  Esin-Markov e f f e c t  for pyrophosphate. 
h e  value of t he  po ten t i a l  of a streaming mercury e lec t rode  i n  0.1 and 0.2 E so lu t ions  
if sodium pyrophosphate was a constant -0.428 v o l t s  versus S.C.E., ac tua l ly  less than 
.he -0.435 v o l t s  expected i n  the  absence of anionic adsorption, and t h i s  discrepancy was 
k t r i b u t e d  t o  a s l i g h t  ca t ion ic  adsorption. 
I 

Near the  end of t he  inves t iga t ion ,  evldence supporting the  existence of the  spec i f i c  

Since It v a s  i n i t i a l l y  hypothesized t h a t  perhaps adsorption was the  cause of the 

idsorption of n i t r a t e  ion on mercury was published, and subsequent co r re l a t ion  with data 
.aken i n  the  present study confirmed t h a t  f a c t .  
.ion was confirmed. t o  be -0.519 v o l t s  versus S.C.E. 

j Chronocoulometry and double-step chronocoulometry, s e l e c t i v e  for the  de tec t ion  of 
idsorption of e lec t roac t ive  species,  were employed t o  determine whether any of the 
Lopper pyrophosphate complex is adsorbed. The g rea t e s t  poss ib le  amount of adsorption 
ras found t o  be only about 0.5 x 10-l' moles em.-'. 
,able adsorption of the  copper pyrophosphate complex occurs. Inspection of drop time 
? l ec t rocap i l l e ry  curves for a l k a l i n e  solutiona of potassium n i t r a t e ,  some v l t h  copper 
)yrophosphate and some without, showed no not iceable  d i f fe rences  a t  any p o t e n t i a l  among 
;he various curves. 
lhsorption of t h e  complex. 

The value of the ECM i n  1 F  KmOs solu- 

Thus it may be sa id  t h a t  no detec- 

This i s  add i t iona l  evidence aga ins t  t he  ex ls tence  of s p e c i f i c  

A prevloue report, plus  evldence found i n  t h e  present study, i nd ica t e  t h a t  i n  alka- 
L i n e  so lu t ion  t h e  r a t e  of t he  electrochemical reac t ion  i s  cont ro l led  by t h e  r a t e  of dis -  
3ociation of t h e  2:l complex t o  form t h e  reducible species,  the  l a t t e r  being Cu(Py)'- in 
$he absence of substances which form complexes with copper pyrophosphate ions .  
Qloying t h e  po ten t i a l  s t e p  method it vas poss ib le  t o  measure the parameters of the e lec t ro-  
:hemica1 reduction s t ep  i n  both ac id  and a l k a l i n e  so lu t ions .  
)ammeters for 1 F KnOs of pH = 9.34 a r e  the  following: lao = 0.596 x 

ka0 E 0.38 x 1O-"cm. set.-', n = 0.4. 
5 
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By em- 

me values found for the 
amp. em.-=, 

A t  pH = 3.0 the  values a r e  1,' = 6.92 x amp. 



kao = 3.90 x IO-' cm. See.-', c/ =.0.3. These apparent values  tended Renerally t o  
increase with decreasing OTO3 concentration and pH. 

Double l a y e r  cor rec t ions  were appl ied t,o the  above r e s u l t s .  These calcillat.ions 
yi_e$ded so-cal led t r u e  values  of t,he parameters, a s  follows. 
10 -' k = 6.7 x cm. see.-', c/ = 0.5. A t  pH = 3.0, i '" = 1.87 x io-' 

A t  pH = 9.34, i = 1.21 x 

amp. 4.94 x Id2 cm. see.-', cy = 0.5. r" 
The apparent values o f  the kinet , ic  parameters at. pH 3 a r e  only 20 per  cent, l e s s  tha 

values,  a lso uncorrected for double l a y e r  e f f e c t s ,  reported i n  t h e  l i t e r a t u r e  for  reduc- 
t i o n  of copper(I1) from 1 KNO3 so lu t ion .  Thus it i s  thought t h a t  t h e  complex i s  weak 
i n  a c i d i c  solut ion,  p a r t i c u l a r l y  i n  the  presence of 12 sodium ion.  This conclusion is  
strengbhened by t h e  r e s u l t s  obtained f o r  the i o n i c  charge z on t h e  reducible species i n  
t h e  bulk of the  so lu t ion .  These values  were  obtained a s  a by-product of t h e  applica- 
t i o n  of double l a y e r  cor rec t ions .  A t  pH 9, z = 2, while a t  pH 3 ,  z = +l. 

A series of polamgrams of  t h e  copper pyrophosphate complex was taken f o r  varying 
concentrat ions of potassium n i t r a t e .  From t h e  polarograms, values  f o r  an apparent r a t e  
constant  V, were computed f r o m  t he  formula of Koutecky for a k i n e t i c  polaroRraphic 
cur ren t .  Values for  $ o  = f ( C  , E )  w e r e  obtained from e l e c t r o c a p i l l a r y  measurements and 
the Gouy-Chapman theory.  
point  of  zero charge f o r  that ,  so lu t ion .  Jo were then p lo t ted  a s  
func t ions  of  fl and t h e  concentrat ion,  i n  t h e  manner of  Gierst (4) .  
t a ined  f r o m  a graphical  determinat ion of  cy, z, and v'" from t h i s  p l o t  a r e  as follows. 
From t h e  p o t e n t i a l  region of positive e lec t rode  charge, rm = 0.4, z = -1.2, vo = 8.0 x 

cm. set.-'. 
z = -0.32, vo = 8.7 x 

I n  8ach case t h e  value f o r  !d = 0 was taken a s  t h e  experimental 
The values  of  @ and 

The r e s u l t s  ob- 

From the p o t e n t i a l  region of  negat ive e lec t rode  charge, m = 0.1, 

I n  t h e  region of positive e lec t rode  charge, obsemat ion  o f  the V, versus !d curve 
for  1 KN03 ind ica tes  t h a t  the rate is  near ly  independent of  #', and it i s  thought 
t<hat i n  t h i s  p o t e n t i a l  region only t h e  1:l complex i s  reduced. 
of 6 bot,h the mono- and di- l igand complexes a r e  thought t o  undergo reduction, and the 
observed r a t e  slowly i n c r e a s e s  u n t i l  f i n a l l y ,  a t  very negative poten t ia l s ,  the rate 
becomes d i f fus ion  cont ro l led .  I n  the region of positive e lec t rode  charge the value 
obtained f o r  z i s  approldmately equal  t h a t  obtained f r o m  the re laxa t ion  experiments. 
The value for  (Y is moderately less. 
charge, both CY and z are s u r p r i s i n g l y  small. This is  a t t r i b u t e d  t o  t h e  simultaneous 
reduct ion o f  more than one complex species, i n  addi t ion  t o  double l a y e r  e f f e c t s .  

cm. set.-'. 

A t  more negative values 

I n  the p o t e n t i a l  region o f  negative electrode 

The evldence i n d i c a t e s ,  therefore ,  t h a t  t h e  effects a r e  d i f f e r e n t  on t h e  two s ides  
o f  t h e  p o i n t  of zero charge. 
equation t h a t  the effect of @ 1  on VK is  considerably lessened i n  th i s  p o t e n t i a l  range. 
This  Is t o  be expected if both  the 1:l and 2:l complexes a r e  reduced i n  t h i s  region, 
s i n c e  t h e  2:1 complex has  an  even l a r g e r  negat ive charge then does t h e  1:1, and then t h e  
reactant ,  the adsorbed n i t r a t e  ions,  and the e lec t rode  a r e  a l l  negative,  and t h e  4 
effect should then be e t  i t s  maximum. 

The low value of cy a t  negat ive fl i n d i c a t e s  v i a  t h e  Frumkin 
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